Chagas disease, has also been described. T. cruzi infection is initiated by metacyclic 55 trypomastigote (MT) from the insect vector. This parasite form is responsible for the initial T. 56 cruzi-host cell interaction upon entering the mammalian host through the skin or by the oral 57 route. Following MT internalization in a membrane-bounded vacuole and escape to the 58 cytoplasm, the parasite differentiates into amastigote form. After several rounds of 59 replication, amastigotes transform into trypomastigotes that are released in the circulation 60 upon host cell rupture. Experiments with tissue culture trypomastigote (TCT), which 61 corresponds to the bloodstream trypomastigote, revealed the involvement of fibronectin in 62 target cell adhesion/invasion. Treatment of 3T3 fibroblasts or rat peritoneal macrophages, or 63 TCT, with human plasma FN increased parasite-cell association (7) and binding to TCT 64 surface of the peptide RGDS, corresponding to FN cell attachment site, inhibited parasite 65 internalization (8). An 85 kDa protein from TCT was identified as the ligand for FN (9). In 66 murine macrophages or human blood monocytes, the uptake of amastigotes increased in the 67 presence of exogenous FN or by pretreatment of either parasite or host cell with FN (10). 68
There is no information whether FN is required for MT internalization. Na2PO4, 100 mM NaCl, 5 mM EDTA, pH 6.5, 2.5 mM dithiothreitol (DTT) and 5% 151 dimethyl sulfoxide (DMSO). The control FN sample was incubated under the same conditions 152 in absence of enzyme, and the samples were analyzed by silver staining of SDS-PAGE gel. 153
The effect of T. cruzi on FN was examined by incubating FN with 3 x10 7 metacyclic 154 trypomastigotes in l00 mM sodium citrate pH 6.5. After centrifugation, the pellet was 155 discarded and the supernatant was analyzed, along with the control FN, by SDS-PAGE and 156
Coomassie blue staining of the gel. 157
Determination of T. cruzi cysteine proteinase activity. Metacyclic forms were lysed 158 in 0.4% Triton X-100, solubilized in a sample buffer without 2-mercaptoethanol, and then 159 loaded onto 10% SDS-polyacrylamide gel co-polymerized with 0.1% gelatin as substrate. 160
After electrophoresis, the gel was subjected to two 30 min washings with 2.5% Triton X-100 161 in acetate buffer, pH 6.0, to remove SDS, and incubated overnight in the same buffer without 162 detergent. (Fig. 1C) . In these assays, human FN 186 exhibited an inhibitory effect similar to that of bovine FN and was preferentially used in 187 subsequent experiments. FN concentrations lower than 40 µg/ml were equally effective in 188 inhibiting MT entry into HeLa cells in DMEM-BSA (Fig. 1D ). Other extracellular matrix 189 components, such as laminin and collagen, at 40 µg/ml, had no inhibitory effect. Through Giemsa-staining followed by sequential dehydration, internalized parasites were 201 discriminated from those merely adherent to cells (Fig. 1F ). HeLa cells treated with TGF-β 202 were significantly more resistant to invasion by MT of both strains, and the ratio of 203 adherent/internalized parasites was much higher than in untreated controls ( 
FN-degrading capacity of metacyclic forms is associated with cruzipain activity. To 232
certify that FN from cell culture medium binds to MT surface, the parasites were incubated 233 for 1 h in DMEM-FBS and subsequently processed for immunofluorescence using anti-FN 234 antibodies. In this assay, we also used a T. cruzi strain (G) from the wild transmission cycle 235 (23), and genetically divergent from CL strain (33). FN was undetectable in CL strain, but 236 could be visualized on G strain MT surface (Fig. 3A) . Provided that FN-binding is mediated 237 by gp82, and the gp82 molecules expressed in CL and G strains share 97.9% sequence 238 identity (34), what could explain the observed difference? Unequal gp82 distribution on the 239 surface was unlikely. By immunofluorescence, using monoclonal antibody directed to gp82, 240 both parasite strains displayed a similar profile of reactivity (Fig. 3A) . We examined the 241 possibility that CL strain MT digested FN and that cruzipain was involved in the process. CL 242 strain metacyclic forms express cruzipain, which is inhibited by cysteine proteinase inhibitor 243 E-64 (35). To determine whether E-64 impaired the dissociation of FN from MT, the parasites 244 were treated for 30 min with E-64 before incubation with DMEM-FBS. After 1h in the culture 245 medium, the untreated control and E64-treated parasites were processed for FACS analysis 246 (Fig. 3B) . The 249 possibility that cruzipain is implicated in promoting the dissociation of FN from CL strain MT 250 was reinforced by analyzing the cysteine proteinase activity of CL and G strains. 251
Electrophoresis of parasite extracts in gelatin-containing SDS-PAGE gel, followed by 252
Coomassie blue staining, revealed in CL strain, but not in G strain, bands of 57/51 kDa 253 corresponding to cruzipain (Fig. 3C) . To confirm the identity of these bands as cruzipain, 254 gelatin gel strips were either untreated or treated with E-64 or with metalloproteinase inhibitor 255 o-phenanthroline. No proteinase activity was detected in the gel strip treated with E-64, 256 whereas the gel strip treated with o-phenanthroline revealed bands indistinguishable from 257 those in untreated control (Fig. 3D) . It should be mentioned that the lack of detection of G 258 strain cruzipain activity in gelatin gel is presumably not due to deficient expression but rather 259 to the inhibitory effect of chagasin bound to cruzipain. According to Santos et al. (36) , the 260 molar ratio of cruzipain and chagasin in G strain (5:1) differs from that of most several other 261
T. cruzi strains (~50:1). 262
To ascertain that cruzipain possessed FN-degrading activity, 1 μg fibronectin was 263 incubated in DTT-containing solution, pH 6.5, either alone or with the recombinant cruzipain 264 untreated or pretreated with E-64. After 1h at 37 o C, the samples were subjected to SDS-265 PAGE and the gel was silver stained. FN was extensively degraded by cruzipain in a manner 266
inhibitable by E-64 (Fig. 3E) . Next, the FN-digesting activity of MT was ascertained by 267 incubating 3 x 10 7 parasites (CL strain) with 500 ng FN in sodium citrate pH 6.5. After 268 centrifugation, the pellet was discarded and the supernatant was analyzed by SDS-PAGE and 269 staining of the gel with Coomassie R250, along with the control FN and cruzipain-treated FN. 270 12 cruzipain (Fig. 3F) . To further assess the association of cruzipain to FN-degrading activity of 272 MT, the cruzipain-deficient G strain was also examined, by incubating 3 x 10 7 parasites with 273 1 µg FN following the procedure described above. Metacyclic forms of CL strain, but not of 274 G strain, extensively degraded FN in a manner inhibitable by E-64 (Fig. 3G) . FN, ranging 275 from 2 to 8 µg, exhibited increasing resistance but was still susceptible to degradation by CL 276 strain MT (data not shown). An additional experiment was performed to investigate whether 277 the FN-degrading activity of CL strain could be affected by G strain. Samples of 3 x 10 7 CL 278 strain MT alone, or mixed with G strain MT at ratio 1:1, 1:9 or 9:1, were maintained for 30 279 min at 37 o C in DTT-containing solution, pH 6.5. FN (1 µg) was added and incubation 280 proceeded for 1 h before analysis by SDS-PAGE followed by silver staining of the gel. 281
Inhibition of FN degradation was minimal at CL:G ratio 9:1, considerable at 1:1 and very 282 pronounced at 1:9 ratio (Fig. 3H) , suggesting that this inhibitory effect may be due to 283 chagasin secreted by G strain. 284
Cruzipain is involved in CL strain MT invasion of host cells. We assumed that the 285 FN-digesting activity of cruzipain facilitated MT invasion. To confirm that assumption, we 286 tested the effect of Z-(S-Bzl)Cys-Phe-CNH2, an cell irreversible inhibitor of cysteine 287 proteinase, previously shown to impair TCT entry into heart muscle cells (19). CL strain 288 metacyclic forms were treated for 15 min with the referred inhibitor at 10 µM in PBS (diluted 289 from a stock solution at 200 mM in DMSO), or with DMSO at 1:20,000 dilution in PBS as 290 control, and then incubated for 1 h with HeLa cells. Treatment with the inhibitor significantly 291 reduced MT invasion (Fig. 4A) . In a parallel experiment, HeLa cells cultured in DMEM-FBS 292 were treated with 170 nM recombinant cruzipain for 1 h, and after washing in PBS the 293 untreated and cruzipain-treated cells were incubated with MT for 1 h in serum-free DMEM-294 BSA medium. The cell susceptibility to MT invasion increased significantly upon cruzipain 295 treatment (Fig. 4B) . To check whether binding of gp82 to HeLa cells was altered after 296 counted. MT entry into untreated and cruzipain-treated cells was similarly inhibited by anti-302 gp82 antibody (Fig. 4C) . These data indicate that, at least as gp82 receptor is concerned, HeLa 303 cells were not greatly affected by cruzipain action. 304
Integrin is not implicated in CL strain MT invasion of host cells. β-1 family of 305 integrins includes receptors for extracellular matrix ligands, fibronectin among them. 306
Involvement of β1 integrin in bacterial and viral internalization has been demonstrated using 307 antibody specific for β1 integrin (3,4,37). FN-dependent S. aureus invasion of different cell 308 types is mediated by integrin α5β1 (3,4) and either FN antiserum or monoclonal antibody 309 specific for β1 integrins dramatically reduces bacterial invasion (2). In the case of T. cruzi MT 310 invasion that apparently is FN-independent, β1 integrin would not be implicated. To check the 311 validity of that assumption, we performed experiments in which HeLa cells in DMEM-FBS 312 were treated with anti-FN or anti-β1 integrin antibodies for 15 min and then, without washing, 313 metacyclic forms were added and incubations proceeded for 1 h before processing for 314 intracellular parasite counting. MT invasion was not inhibited by anti-β1 integrin antibodies 315 but was significantly inhibited by anti-FN antibodies (Fig. 5A) . In an attempt to understand 316 why MT invasion is affected by anti-FN antibodies, the following experiments were 317 performed. Metacyclic forms (3x10 7 ) were incubated for 1 h with 2 µg FN in absence or in 318 the presence of anti-FN antibody. After centrifugation, the supernatant was collected and 319 analyzed by immunoblotting using anti-FN antibodies. As in previous assays (Fig. 3F, 3G) , 320 FN was extensively degraded upon incubation with MT, but anti-FN antibody inhibited the 321 on November 12, 2017 by guest http://iai.asm.org/ Downloaded from 14 process (Fig. 5B) . To test the possibility that anti-FN antibody blocked gp82 binding to FN, 322 microtiter plates coated with FN (2 µg/well) were incubated with the recombinant cruzipain 323 gp82 (10 µg/ml) in absence or in the presence of anti-FN antibody diluted 1:50. Binding of 324 the recombinant gp82 to FN in the absence or in the presence of anti-FN antibody was 325 comparable (Fig. 5C ). An additional experiment consisted in incubating MT for 1 h in 326 DMEM-FBS in absence or in the presence of anti-FN antibody generated in rabbit, followed 327 by processing for FACS analysis. As shown in Fig. 5D, there aureus entry into bovine mammary gland epithelial cell line, which relies on the host cell 377 signaling system associated with protein tyrosine kinase (PTK) activation and is reduced by 378 95% by PTK inhibitor genistein (1), the gp82-dependent T. cruzi MT invasion does not 379 require PTK activation (44), it requires the activation of target cell signaling pathways that 380 involve the participation of protein kinase C, mammalian target of rapamycin (mTOR) and 381 phosphatidylinositol 3-kinase (43). We have previously found that gp82-binding to target 382 cells is not mediated by extracellular matrix components such as collagen, laminin, heparan 383 sulfate (11, 14) . 384
The FN-degrading activity of cruzipain may play an important role in host cell invasion 385 by metacyclic forms of T. cruzi strains that rely on gp82 molecule to enter target cells. 386
Experiments with metacyclic forms of T. cruzi strain Y82, which also engage gp82 to invade 387 host cells (45) revealed that FN inhibits parasite entry into host cells when present at 388 concentrations higher than the cruzipain activity can fully digest, and that treatment of target 389 cells with the recombinant cruzipain increases parasite internalization whereas the cysteine 390 proteinase inhibitor has the opposite effect (data not shown). Unlike CL and Y82 strains, G 391 strain metacyclic forms, which are less invasive toward human epithelial cells, lacked 392 cruzipain activity. In G strain, cruzipain is bound to its natural inhibitor chagasin [36] 
